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Abstract

[ndustrial waste poilution comtrol 1s a ma)or 1ssue in waste management. To comply with the
specitic ettluent standards. industries are forced to trest their waste heforz discharge. This is
neither g cost eitective nor an envitonmental friendlv solution. First part of this paper preseats
differear rechniques by which the waste minimization can be achieved with examples. Second pan
of the paper highhghts the waste minimization efiocs made in threg different types of industries
namziy paper and puip. tapioca starch and palm @il industries,

Introduction

Along with rapid industrialization, which has resubted in the rise of pollution. there is a growing
concern about the quality of the hiving environment. Requirement on good gualiy of the living
environment has resulted in the change in thinking of the whole concept of pollution contrgl,
industries have traditionally treated the waste products betore discharging them to  the
environment Because the reatment occurs aiter the production of waste. this type of treatment 18
called "end-of-pipe" treatrment and this is being seriously questioned. The ahernative solution,
"“Waste minirization”, aims at reducing the poilution problem by dealing with {t during the
manutactering process iself. There are many wavs by which waste minimizarion can be achieved
and they are discussed in the subsequent sections.

VWaste Minimization Methodologies

Past experiences have proven that the following measures have been successtul in achieving waste
minimization; Improved housekeeping, changing process iechnology, changing product, changing
input matertal, tecyciing process chemicals and raw muterials, recovering by-product/waste and
Tequeing inpur o the progess. The appropriate technology depends on the tvpe of indusgry and its
stze and focunon,

Improved housekeeping: Following steps m the housekeepmy can lead 10 significant waste
mininzation. (i) an improvement in monitoring and in operations of all phases of the produetion
process, (1) schedule process in view of squipment cleaning {{fur example. formulation of light
pamis betore dark pains will need no cleaning of vat before batches). and (11D} improving the
management ol Ioveniory of raw material and products, Apart from that, reduction in raw material
and product i0ss and provision of training 1o the employees can be effective means o improve the
aousekeeping.

Changing process technology: This is an important techrigue for reducing waste volume and
sengrh. Some examples are: (1) alieration in washing/cieaning procedure such as using counter
current washing, recyciing of used solvent und reducing the cleaning frequency, (if) emploving
new methods in production lme cleaning, 1) changing waste transport method (waste from a
poultry tarm cin be ransported- by mechanical means instead of using water) and (V) introduce
piological degreasing in mietal parts cleaning.

Changing product: Changing producis which can serve purpose of these whom they substitute can
pring Wwaste MINUBLZAON as in the cases of batterizs inon-rechargeable to recha'rgcublth sprav
Cans l\'ll:‘ialllt: chemicals o water soluble formulations: apd refrigerators {chlorofluorocarhons o
ammonia or environmemally safe mareriaisy,



Changing input material: {1) m printing, water based inks can be substituzed for chemical solven:
based 1nks 1o bring waste minimization m solvents and to prevent air pollugon due o the
evaporation of solvents, (1) m iextiles inaustries, the phisphate-containing chemicals can be
reduced. (7ii) warer-based film developing systems can be replaced with dey systems i electronic
components, and (iv) in painting of elecrrical Hght components, powder paints can be used instead
of organic soivent dased paints.

Keeyeing process chemicais and raw materigis: Following are the examples in recycling: i)
VapuuT Tecovery in printing, {1 dye recovery in textile indusiry, (i3 copper recovery in
electroplating, (ivi paint and waler recovery in  car painting mdustry, (v) cutting oil recovery in
machine workshops, (vib dye recovery in jeans mdustey and ivii) water tecovery mn ored mepg
alrdttonr dustry,

Recovering by-product/waste: Some industries applying this technigue are: (1) pulp and paper
industry. (ity dairy indusiry, (1) pig farms and (iv) food processing industries such as pineapple.
soup and Jdesiccated coconut.

Waste Minimization Efforts in Puip and Paper Industry

Waste recovery and waste water recycling: In Slam paper tndustry in Thaiiand. a feastbility study
made indicated that installation of a sertling cone not only reduced the extent of waste reatment
but also permitted  the waste water recyeling, The settling cone aliows 1o utlize 100% of waste
paper as raw material and 1o recyele 13,000 mid of treated waste water. This leads to a saving of
73% uf the annual eperating cost (AS 500,000/ vy,

Change in process chemical: About 50% of the pollution load (COD) of pulp and paper industry
15 due to Bleaching. [n chlorine/caustic bleaching. 80% or more of the total bleach plant COD
comes from the chlorination and alkaline extraction stages. Moreover, toxic, mutagenic or
carcinogenic effects of bleaching eftluents are primarily caused by organic ¢hlorine compounds
tormed 1 the pre-bleaching stages. Thererore, it is necessary 10 reduce the pollution luad of these
stages. Oxyypenated water (H,0,) was found to be an efficient hlcd(,hmg agem a¢ comparahle cost
(A3 37.3 ton), although hdndlmg of H,(, was & problem.

By-product recovery: Black liguor (a high strengih waste gencrated in digestion process) contains
both high and low molecular weight lignosultonates. A study made by Bang-Pa-In pulp and paper
industry in Thailand has shown that high-molacular weight lighosulfonates can he separated trom
the Juw-molecuiar ones hy using an ulratlicragon process with a membrane of moiecaiar cut-off
size of 2000, This not only leads to the treaument but also 1o by-product recovery of commerctally
vialuable hich-molecular weight hgnosuifopates,

Waste Minimization in Tapieca Starch Industy

Taproca stareh production is one ot the magor food ndusiies in South East Asia. Thailand is a
major producer and earns more than 1.306 mittion Baths (AS 750 million) per year trom the
exparts of wapioca starch. During the production process. wastewater originates from both the root
wasning stage and from separators. The combined waste wurer from these two sources amounts (o
an average of 20 m*ton of starch, Its BOD range is 2.000 - 16,000 mg/L (COD runges from
2,000 - 36.000 mg/L). The conventional ireatnent method sdopted is a panding system: anaerabic
tollowed by tacultative and aerobic ponds. The other possible treatment methods include aerated
iagoon and rofating biological contactor {RBC), Treatment using torula yeast with reclamation of
stngle cell protein. angerobic digestion with biogas production and fermentation for ethanol
production are other alternatves with by-product recovery

Reuse of rooi wash water after sedimentanon: In the production process. it i1s possible e reuse
Mme root wash water, It mainly coneing cork cells, sand and clav particles The BOD. vulues of
this washing water range trom 200-500 mg:L during the dry season. This warer cap be reused
a7din 0 the washing process atier treating It using sedimentation. During the wet season, BOD, is
ahout 1700 mg/b. [t is suggested that chemical codgulanon 1ollowed by sedimentation is Hkely ta
produce a treated waste water suitable for recyeling,

By-product recovery of veast from pioca wasie water: Singie cell protein can be produced trom
organic wastes. Turula veast can be used to ea tapluca starch separator waste. Torula veast



could acchimanze and grow predominantly in the waste, reducing sugar and volable acids being
readiiy removed. By this treatment, overall COD reduction was about 73%. The veast mass
produced contained about 50% protein with a yvield of 0.5 kg/ kg COD removed. Bue nitropgen
sddition of 1 kg/50 kg COD removed is reguired. It nitrogen 1s not added. the protety content of
the veast deereases significanily. The erfluent of yeast production process still contains relatively
high residual COD and would require further weatment betore discharge.

Biogas production: The anaerobic treaiment of tapioca starch waste water in the filter reactors is
teasible according 1o the study conducted at King Mongkut's Institute of Thailand. The results alsa
indicate that @ (i} even after 13 months of operation, there was no significant clogging and studge
accumulation, and (i) the capital recovery of imstallation of anaerobic digester 1s less than 5 years
tor tapinga factories with 100 t/d capacity. A pilot-scale study conducted with an anaerobic fifter
and an uloratiler as post treatment unit indicated that a superior removal efficiency of COD can be
achieved. For exanple, when an ultratiiter with a molecular weighr cut-oft size of 1 000.000 was
used the COD wuas reduced 1o fess than 200 mg/L

Erhanol production: A study conducted at King Mongkut's Institute of Thailand revealed that
aleohol production from tapioca waste water 18 & possible alternative to reduce ertluent (reatment
in the industry, Although technicaily feasible, furtbher research and development are necessary to
determane 13 veonomic feasibility. The production process consists of three sweps: ') hvdrolysis,
i:1) fermentation, and (it distillation.

Waste Minimization in Palm Ol Industry

Palm il mdustry 1s a major one in Thailand and Malaysia. Malaysta iiselt’ produces about 3.5
million tons of palm o1l per vear and the industry contributes 83% or the industrial organic
pollution icad and ranks as country's single largest polluter. Reuse and recveling of waste were
found to be viable alternatives leading 1o a clean technoiogical solution.

Water conservaton: In most palm 21l mikls, water consumed is more than the required amount. [t
must he limited to cut down waste guantities. The following methods can be adopted to teduce
water consumption o considerable extent: v reusing turbine cooling water, overflow from
vacuum drvers and steam condensate trom hoiler house atter cooimg in a storage tank. They may
he reused in processing, cleaning and washing. (ii) stopping overtiows from the overhead tanks
with the vse of floating valve, in the press station and oil clarification room. and Oii) by providing
proper tittings and raps to prevent wastage through leakages. etc.

Waste strength reduction: Strength of waste water 1§ influenced by the vil and grease content. As
much ou and grease as possible should be recovered o reduce the strength of waste water by
wstathizg ol traps ew

Process modification at clarification: A decanter can he provided between the vibrating screen
and the oil ¢larifier to separate minute solid materials from crude oil pricr to oil clarification. The
settled oily sludge from oil Ctaritier 15 discharged into three-phase nozzle cenrituge, wherc it is
cemrifuged to recover ol which is (hen pumped back to the claritier. Sludge is produced as a
stlid waste which can be disposed on land whereas the liguid phase recveled back to press and ail
claritier to make up dilution water. Hydrocyclone is used to separate kernels from cracked shells
FESUILING 0 & continuous discharye vt waste water. This 1 known as the wert process. Dry process
can also be used wherehy a wind silo (where air is hiown from the bottoms is used to jeparate
rernels from cracked shells by gravity,

Resource recovery and reuse: (1) Palm il mill waste has heen found to be guiite cuuabc for
animal feed when properly prepared and treated. The animal feed can substitute mawe. ii} the
recovered fibre 1s used as tuel for production of steam in boilers, (31 the sludee would be sunabic
as rerudizer due o {1y nutrient content and can be used as a source of nitrogen. potassium and
magnesium tor the palm oil plant itself, gnd tiv) methane ean he produced as a by-product through
anderoric digestion. This can be unhzed for domestic purposes o in the mdustry iself.

Conclusion

All the case studies tHustrated shove clearly indicate that simple waste minimization teckniques
van tead 1o 4 susta: nahie solution for wasee m Adueinent



